We present a quark-diquark model for the nucleons where the light front wave functions are constructed from the soft-wall AdS/QCD prediction. The model is consistent with quark counting rule and Drell-Yan-West relation. The scale evolution of unpolarized PDF of proton is simulated by making the parameters in the PDF scale dependent. The evolution of the DPFs are reproduced for a wide range of evolution scale. Helicity and transversity distributions for the proton predicted in this model agree with phenomenological fits. The axial and tensor charges are also shown to agree with the experimental data. The model can be used to evaluate distributions like GPDS, TMDs etc. and their scale evolutions.
I. INTRODUCTION
In recent years, there have been a lot of activities to investigate the three dimensional structure of proton. Different model investigations gave many interesting insights into the nucleon structure and inter-relations among different distribution functions like TMDs, GPDs, Wigner distribution etc and their properties. There are many model calculations for integrated PDFs but for TMDs and Wigner distributions, only few such model calculations are available.
Since different experiments produce data at different energy scales, predictions of the scale evolutions of these different distributions are also very important. In this paper, we like to build a simple but phenomenological quark-diquark model for the nucleons which can be used to calculate all these distributions and their inter-relations and at the same time we can also evaluate the scale evolutions of different distributions.
The quark-diquark model describes a nucleon as a composite of a diquark spectator with a definite mass and an active quark. The model assumes the factorization of short(hard) and long distance(soft) dynamics in the high energy scattering, and assumes that the lepton basically scatters off a single quark in a nucleon, the other two quarks can be treated as a composite diquark spectator. The diquarks are the effective degrees of freedom and the nonperturbative gluon exchanges between the two spectator quarks are taken into account by considering an invariant mass of the diquark. This simple model of nucleons is very successful in describing many interesting phenomena. There are many many different variations or parameterizations of the quark-diquark model in the literature [1] [2] [3] [4] . Here we want to construct a quark-diquark model for proton with light front wave functions which should not just include the valence structure but also include some nonperturbative ingredients into it. Light-front AdS/QCD provides one such choice. Light front AdS/QCD predicts a general form of two particle bound state wave function which can not be derived from just valence quarks [5] . One needs infinite number of Fock states to have that wave function and thus includes nonperturbative informations in it. Recently, the light front wave functions for the nucleons in quark-scalar diquark models [6, 7] have been constructed from the light-front AdS/QCD prediction. These models have been applied to evaluate many interesting properties of proton , e.g, GPDs, Wigner distributions, TMDs etc [8, 9] . Recently, some interesting relations among the GPDs and TMDs have been investigated [10] in the scalar diquark model [6] with the light front wave functions modeled from soft-wall AdS/QCD wave function. Though the models successfully describe many nucleon properties, they include only the scalar diquark state. In the quark model, the nucleons consists of three quarks of two different flavors u and d (p = |uud , n = |udd ). In the quark-diquark picture, we can schematically write, for example the proton state, p = |u(ud) + |d(uu) , where (ud) and (uu) are the diquark states. With spin-flavor symmetry, the diquark can be either scalar or axial vector, and hence both of them are required to build a model. Scalar diquark alone cannot give the complete picture of a nucleon.
In this work, we construct a quark-diquark model with SU (4) spin-flavor structure for the nucleons with the light front wave functions modeled from AdS/QCD prediction including both the scalar and axial vector diquarks. The model is consistent with the quark counting rule and Drell-Yan-West relation. The parameters are fitted to proton form factors and unpolarized PDF data at the initial scale µ 0 . We consider the leading order QCD evolution of the unpolarized PDF for the proton and set the initial scale to µ 0 = 0.313 GeV [6, 11] . The scale evolution of the PDFs are simulated by introducing scale dependence in the parameters. The model reproduces the PDF scale evolution up to a very high scale. The helicity distribution g 1 (x, µ) and transversity distribution h 1 (x, µ) are predicted in this model at different scales µ. We can also get numerical estimation of different physical quantities to match with the available data.
We show that the predictions of tensor and axial charges in this model are in good agreement with the observed data.
In Sec.II, we describe the quark-diquark model with the detail expressions of the light front wave functions. The parameters in the model are fitted to the proton form factors and the details are discussed in Sec.III. In Sec.IV, we discuss the scale evolution of the unpolarized PDFs. In Sec.V, we discuss the polarized PDFs, axial and tensor charges predicted in our model. Finally, we present a brief summary and conclusion in Sec.VI.
II. DIQUARK MODEL
In the diquark model, we assume that the virtual incoming photon is interacting with a valence and other two valence quark form a diquark of definite mass with spin-0, called scalar [3, 4] . The proton state is written in the spin-flavor SU (4) structure
Where S and A represent the scalar and vector diquark having isospin at their superscript.
Under the isospin symmetry, the neutron state is given by the above formula with u ↔ d.
We use the light-cone convention
We choose a frame where the transverse momentum of proton vanishes i,e. P ≡ P + ,
the longitudinal momentum fraction carried by the struck quark. The two particle Fock-state expansion for J z = ±1/2 with spin-0 diquark is given by
and the LF wave functions with spin-0 diquark, for J = ±1/2, are given by [12] 
where |λ q λ S ; xP + , p ⊥ is the two particle state having struck quark of helicity λ q and a scalar diquark having helicity λ S = s(spin-0 singlet diquark helicity is denoted by s to distinguish from triplet diquark). The state with spin-1 diquark is given as [13] |ν
Where |λ q λ D ; xP + , p ⊥ represents a two-particle state with a quark of helicity λ q = ± 
and
i (x, p ⊥ ) are a modified form of the soft-wall AdS/QCD prediction [6] 
The wave functions ϕ ν i (i = 1, 2) reduce to the AdS/QCD prediction [5] for the parameters a in [14] and the quarks are assumed to be massless.
III. FORM FACTOR FITTING
In the light-front formalism, for a spin- 
Where the q 2 is square of the momentum transferred to the nucleon of mass M . The normalization of form factors for proton and neutron are given as F 
In the SU(4) structure, flavored form factors are written in terms of scalar and vector diquarks as [4] 
In the quark-diquark model Dirac and Pauli form factors for quarks can be written in terms of LFWFs as
for scalar diquark and
for vector diquark. Where
diquark and isovector-vector diquark respectively. We consider the frame where q = (0, 0, q ⊥ )
⊥ . In this model the Dirac and Pauli form factors read as
Where superscript S, V and V V represent the contributions with isoscalar-scalar diquark, isoscalar-vector diquark and isovector-vector diquarks respectively. R
Where We find value of the parameters a i and b i by fitting Dirac and Pauli form factors data taken form Ref. [16, 17] . Fig.1 shows the form factor fittings in our model. The normalization conditions are defined as [16, 17] .
Where f ν 1 (x) is the unpolarized PDF and 
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FIG. 3: Sachs form factors
for proton(a,c) and neutron(b,d) respectively. The data are taken from ref. [19] [20] [21] [28] [29] [30] 
as
The flavour decomposition of any distribution function follows the Eq.(10,11) with the C [28] [29] [30] [31] [32] [33] [34] [35] [36] and neutron [37, 38, [40] [41] [42] [44] [45] [46] [47] .
FIG. 4: Ratio of Sachs form factor
and the values are N S = 2.0191, N The Sachs form factors for nucleons (i = p, n) are defined as
In Fig.3 , the Sachs form factors G E and G M for proton and neutron in this model are shown to have excellent agreement with the experimental data, except for
for proton and neutron are also shown in Fig.4 . They agree with the experimental data quite well. We also calculate the electromagnetic radii of nucleons from
in this model. The radii are given in Table. II show quit well agreement with measured data. .
IV. UNPOLARIZED PDF EVOLUTION
The parton distribution function is defined as
which depends only on the light-cone momentum fraction x = p + /P + . Where the proton state |P ; S , having spin S, is given in Eq.(1). For different Dirac structures we get different PDFs, e.g., for Γ = γ + , γ + γ 5 , iσ j+ γ 5 we have the unpolarized PDF f 1 (x), helicity distribution g 1 (x) and transversity distribution h 1 (x) respectively.
The leading order QCD evolution of the unpolarized PDF is given as [11]
Where the anomalous dimension is given as
with C F = 4/3 and β 0 = 9. The strong coupling constant, at the leading order, is given as
with Λ QCD = 0.226 GeV . In [11] , for pion PDF evolution, the initial scale in leading order evolution was found to be µ 0 = 0.313 GeV. For proton, we use the same initial scale.
The LFWFs are independent of the hard evolution scale µ. Generally, the models of LFWFs are defined at the lowest scale [4] and then DGLAP equation determines the PDF scale evolution.
Thus, in the LFWF overlap representation, the unpolarised PDFs in the light-front diquark model at the initial scale µ 0 are obtained as for scalar diquark:
for vector diquark:
Where A represents the isoscalar-vector(V ) diquark corresponding to u quark and isovectorvector(V V ) diquark corresponding to d quark.
We simulate the scale evolution of the PDF by making the parameters in the PDF scale dependent where the values of the parameters at µ 0 are the same as in the LFWFs. Thus, at a scale µ, we parameterize the expressions for the PDFs as
The assumption is that, not only at every scale there exists a set of parameters to reproduce the desired PDFs but we can also define an evolution formula for each of these parameters consistent with PDF evolution starting from the initial scale µ 0 .
The flavour decomposed PDFs are given as, from Eq.(10,11)
The PDF f ν 1 (x, µ) at a scale µ can be written in our model as
The evolution of the parameters should be such that the PDF satisfies the master evolution equation, Eq.(37). The overall constants
)) and
) for u and d quarks respectively. To fit the PDF data from NNPDF21(nnlo) [49] , we find that the scale dependence of the parameters can be written as
where the a ν i (µ 0 ) and b ν i (µ 0 ) are the parameters at µ = µ 0 , given in Table. I. The parameter δ ν becomes unity at µ 0 for both u and d quarks, as shown in Table. I. The scale dependent parts
where the subscript P in the right hand side of the above equation stands for P = A, B corresponding to P Evolution of unpolarized PDF in this model at µ 2 = 10, 100, 1000 and 10000 GeV 2 for both u and d quarks. Our model predictions are compared with NNPDF21(NNLO) [49] , HERAPDF15(NNLO) [50] and MSTW2008(NNLO) [51] results.
the coupling constant becomes small. In appendix A, we have listed the parameters at different scales and shown the fitting of the parameters at the above mentioned scales.
With the fitted parameters, we predict the unpolarized PDF at other scales and compare with NNPDF21(nnlo), HERAPDF15(nnlo) and MSTW2008(nnlo) results in Fig.7 . Though to determine the evolution, we used up to µ 2 = 150 GeV 2 , Fig.7 shows that the model reproduces the PDF quite accurately at very high scales. According to Drell-Yan-West relation [52, 53] , the quark distribution should go like (1 − x) p as x → 1 at large µ 2 and the Dirac form factor
where p is related to the number of valence quark. For, proton, the number of valence quark is three which also gives p = 3. In our model, we observe that for u-quark the unpolarized PDF at large µ 2 goes as f
3.09 ), and
2.16 at large Q 2 which are consistent with Drell-Yan-West relation.
With these above PDF evolution parameters we can generate the scale evolution of the other distribution functions e.g. helicity distribution, transversity distribution, GPDs, TMDs etc. Now we show that the model can predict the helicity and transversity distributions at different scales. 
V. MODEL PREDICTIONS A. Helicity distributions and axial charges
The polarized PDFs are evaluated as predictions of the model. In terms of the light front wave functions, the helicity distribution g 1 (x) in the quark-diquark model at the initial scale µ 0 is defined as
for scalar and vector diquarks respectively. The scale evolutions of the polarized PDFs are simulated by the same scheme as the unpolarized PDF. The scale evolutions of the parameters are the same as given in Eqs. (47, 48, 49, 50) . Thus, the flavour dependent helicity distributions at a scale µ are given by
Helicity PDF g 1 (x) are shown in Fig.8 , at scale µ 2 = 1 GeV 2 , for u and d quarks. Following [4, 48] , we include a constant relative error of 10% to g come from the errors in the evolution parameters given in Table. III. The axial charges which are obtained from the first moment of the helicity distributions are given in Table. V and compared with the measured data [57] . The axial charge of proton is defined as
The model prediction is in excellent agreement with the experimental data. The second moment of the helicity distributions are also presented in the table where g In Fig.9(a) , the scale evolution of the axial charges for u and d quarks are shown. The top panels in Fig.9(a) represents the axial charge of the proton, g A . Results from other models and experimental data are shown in the same plot for comparison. Results from other models e.g., NQM, LFCQM, LFχQSM [56] at µ 2 = 0.26 GeV 2 are in agreement with our model prediction and again our model predicts the experimental data at µ 2 = 1 GeV 2 (shown in red in Fig.9) quite well. In Fig.9(b) , the scale evolution of the second moment of the helicity distributions for 
B. Transversity distributions and tensor charges
The transversity distributions in this model reads as
Transversity PDF h 1 (x) are shown in Fig.10 , at scale µ 2 = 1 GeV 2 , for u and d quarks. The model predictions are shown to agree with the experimental data [59] . The first moment of the transversity distribution gives the tensor charge g T . The model again predicts the tensor charges quite accurately as shown in Table. VI. For both u and d quarks, we have | g ν T |<| g ν A |. In Fig.11(a) , we have compared our model predictions of tensor charge for both u and d quarks with other models along with the phenomenological fit of experimental data [59] . Similar comparisons are studies by Anselmino et. al. [59] and Wakamatsu [64] . Our predictions fall within the uncertainty bands of the phenomenological fits for both u and d quarks. The ratio of the two tensor charges | g d T /g u T | is totally scale independent and a better quantity to compare with other models. Fig.11(b) , shows the comparison of that ratio with other model predictions. Our model predicts | g d T /g u T |= 0.38 which is very close to the phenomenological prediction. This model also satisfies the Soffer bound which at an arbitrary scale µ is defined as [65] In Fig.12 we show the left (LHS) and right hand sides (RHS) of the the above equation multiplied by x for both ν = u, d and at both low and high scales. According to Soffer bound, LHS should always lie below RHS which can be easily seen in Fig.12 . Proton momentum fraction carried by valence quarks can be estimated from the unpolarized PDFs at different scale µ
The values of P q with the scale are shown in Table. VII. The momentum carried by the valence quarks decreases as the value of µ 2 increases.
VI. SUMMARY AND CONCLUSION
Light front Ads/QCD has predicted many interesting nucleon properties. Light front AdS/QCD predicts a particular form of wave function for a two body bound state [5] . In Table. VIII are fitted by varying evolution parameters α ν P,i , β ν P,i and γ ν P,i , for u quark ((a) − (d)). Similar data fitting plots for d quark (Table.IX) Table. IV are fitted by varying evolution parameters δ ν 1 and δ ν 2 , for (a) u quark and (b) d quark.
